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© A method for simultaneously programming a plu- 
rality of antifuses each having a first electrode con- 
nected to a common node and each having a sec- 
ond electrode connected to an isolated node elec- 
trically isolated from the nodes of each of the other 
antifuses includes the steps of precharging the com- 
mon node and the isolated nodes to an intermediate 
voltage potential selected to minimize the stress on 
all antifuses; precharging the isolated nodes of se- 
lected ones of the antifuses to a first programming 
voltage potential placing a second programming volt- 
age potential on said common node, the first and 
second programming voltage potentials selected 
such that the difference between them is sufficient to 
cause programming of said antifuses and such that 
said intermediate potential is substantially centered 
between them, waiting a predetermined amount of 
time; and measuring the current flowing between the 
common node isolated nodes. If the measured cur- 
rent indicates that the desired antifuse has not been 
programmed the programming process may be at- 
tempted a preselected number of times. After the 
selected antifuses have been programmed, they are 
individually soaked by passing a soaking current 
through them. 
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The present invention relates to user-program- 
mable circuit technology. More particularly, the 
present invention relates to antifuse technology and 
to methods for simultaneously programming a plu- 
rality of antifuses in a user-programmable circuit 
containing an array of antifuses. 

Antifuse structures, user-programmable inte- 
grated circuit architectures, and circuits and meth- 
ods for programming antifuses in a user-program- 
mable integrated circuit are known in the prior art. 
United States Patents Nos. 4,823,181, 4,758,745, 
and 5,070,384 disclose illustrative antifuse struc- 
tures, programming circuits and circuit architec- 
tures employing antifuses. United States Patents 
Nos. 5.126,282 and 5,130,777 disclose illustrative 
methods for programming antifuses in user-prog- 
rammable integrated circuit structures. 

Basically, an antifuse may be programmed by 
placing a programming potential, usually referred 
to as Vpp. across it to disrupt the antifuse material 
disposed hotwoon its two conductive electrodes 
and to thftroby form a conductive low-resistance 
path between the two electrodes. Typical antifuse 
programming may be viewed as comprising two 
cycles. During a first portion of a programming 
cycle, often referred to as a rupture" cycle, the 
antifuse material is initially disrupted to form a 
conductive path. After the antifuse material has 
been ruptured, a second portion of a programming 
cycle, often referred to as a "soak" cycle, current 
is allowed to flow through the ruptured antifuse 
material to lower the final resistance of the pro- 
grammed antifuse. After the antifuse ruptures, cur- 
rent flows until both sides of the antifuse are at 
equal potential- This current can be very large 
since its amplitude is only limited by the small 
parasitic resistance of the circuit layout and the 
intrinsic antifuse resistance. 

A high current causes a large amount of in- 
stantaneous power to be dissipated by the antifuse 
structure. Therefore, the energy available for an 
instantaneous discharge must be limited to a level 
low enough to prevent antifuse contacts and vias 
from being damaged, or circuit structures asso- 
ciated with the programming path from being melt- 
ed. The amount of instantaneous" energy that can 
be delivered by this current spike is limited by the 
effective capacitance in the discharge loop. 

In some interconnect architectures employing 
antifuses, large numbers of "cross antifuses", i.e., 
antifuses disposed at the intersections of conduc- 
tors running in horizontal and vertical directions, 
are connected to a single conductor. The capaci- 
tance of such a circuit structure increases as the 
number of cross antifuses connected to the single 
conductor. 

In an antifuse-based architecture, such as an 
FPGA architecture, single conductors carrying one 



of the power supply rail voltages to which unused 
circuit inputs are to be terminated are commonly 
employed. These conductors are a worst-case ex- 
ample of a large capacitance resulting from many 
5 antifuses commonly connected to a single conduc- 
tor. In an average FPGA array employing antifuses 
as the programming mechanism to interconnect 
logic module circuits together, over half of all in- 
puts to the logic modules are tied off to a conduc- 
10 tor carrying one of the power supply rail potentials. 

If each logic module input has a characteristic 
capacitance of about 1 pF, then these conductors 
can have hundreds of picofarads of capacitance 
associated with them because of the hundreds of 
75 inputs which must be tied off in even the smallest 
FPGA arrays. As the size of integrated circuits 
containing these features increases, so does this 
capacitance. Depending on the programming 
scheme used to program the antifuses, the capaci- 
20 tance of these conductors will eventually be able to 
store enough energy to damage or destroy the 
antifuse structures. 

According to widely used prior art antifuse pro- 
gramming methods, the rupture and soak cycles 
25 are combined. First the antifuse material is rup- 
tured, and then the antifuse is stressed by main- 
taining DC or AC connections to the programming 
voltage power supply to allow soak current to begin 
flowing into the antifuse immediately after rupture. 
30 Due to the voltage drops on the programming 
devices, and the current limiting circuitry in the 
external electronics, this soak current eventually 
lowers the voltage on the large conductor. If an 
attempt is made to simultaneously program several 
35 antifuses on the same conductor, the current flow- 
ing through the first antifuse to rupture would lower 
the programming voltage for the remaining an- 
tifuses. A one-volt reduction in programming volt- 
age can increase the programming time from three 
40 to ten times its intended duration. This problem is 
magnified when the second antifuse ruptures and 
begins to draw current 

Some existing antifuse architectures employ 
programming voltage transistors in such a way that 
45 when the antifuse ruptures, charge is redistributed 
between the unprogrammed antifuse capacitors lo- 
cated at intersecting conductors. Smaller capaci- 
tors experience larger voltage changes than do 
larger capacitances, so during rupture the intercon- 
50 nect conductors containing fewer antifuses can 
shift many volts while the interconnect conductors 
containing larger numbers of antifuses may hardly 
move ( i.e., much less than one volt). The program- 
ming devices usually have a V B u value of about 
55 -10v. In some architectures, the V ds of the pro- 
gramming devices can exceed V B h because the 
capacitance of the interconnect conductor is too 
small to prevent the voltage from instantaneously 



>: <EP 0626726A2_L> 



3 



EP 0 626 726 A2 



4 



raising above V B n- Programming of antifuse ar- 
chitectures is thus capable of inadvertent destruc- 
tion of programming transistors, as well as an- 
tifuses. 

BRIEF DESCRIPTION OF THE INVENTION 

According to the present invention, a method 
for simultaneously programming a plurality of an- 
tifuses each having a first electrode connected to a 
common node and each having a second electrode 
connected to an isolated node electrically isolated 
from the nodes of each of the other antifuses 
includes the step of precharging the common node 
and the isolated nodes to an intermediate voltage 
potential selected to minimize the stress on all 
antifuses; precharging the isolated nodes of se- 
lected ones of the antifuses to a first programming 
voltage potential; placing a second programming 
voltage potential on said common node, the first 
and second programming voltage potentials se- 
lected such that the difference between them is 
sufficient to cause programming of said antifuses 
and such that said intermediate potential is sub- 
stantially centered between them; waiting a pre- 
determined amount of time; and measuring the 
--.u„ . current following between the common node iso- 
- lated nodes. If the measured current indicates that 
the desired antifuse has not been programmed, the 
< \ programming process may be attempted a 
preselected number of times. After the selected 
antifuses have been programmed, they are individ- 
ually soaked by passing a soaking current through 
them. 

The programming approach of the present in- 
vention separates the rupture and soak cycles, 
thereby eliminating the programming voltage drop 
on the common node track caused by the soak 
current flowing through more than one ruptured 
antifuses, it is now possible to simultaneously pro- 
gram more than one antifuse during the rupture 
cycle, without increasing the antifuse stress time. In 
antifuse architectures which include a large number 
of antifuses connected to a common node, for 
example, for tying off unused gate inputs, the sav- 
ings in programming time can be substantial. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a simplified schematic diagram of a 
portion of an antifuse architectures showing a plu- 
rality of antifuses connected to a single circuit 
node. 

Fig. 2 is an equivalent schematic diagram of 
the architecture of FIG. 1 shown during a first 
portion of an antifuse programming cycle according 
to the present invention. 



FIG 3. is an equivalent schematic diagram of 
the architecture of FIG 1 shown during a second 
portion of an antifuse programming cycle according 
to the present invention. 
5 FIG 4 is an equivalent schematic diagram of 

the architecture of FIG. 1 shown during a third 
portion of an antifuse programming cycle according 
to the present invention. 

FIG. 5 is an equivalent schematic diagram of 
w the architecture of FIG. 1 shown during a fourth 
portion of an antifuse programming cycle according 
to the present invention. 

FIG. 6 is a flow diagram of typical antifuse 
programming cycle according to the present inven- 
ts tion. 

DETAILED DESCRIPTION OF A PREFERRED EM- 
BODIMENT " 

20 Those of ordinary skill in the art will realize that 

the following description of the present invention is 
illustrative only and not in any way limiting. Other 
embodiments of the invention will readily suggest 
themselves to such skilled persons. 

25 Referring first to FIG. 1, a simplified schematic 

diagram of a portion of an antifuse architecture 
shows a plurality of antifuses connected to a single 
circuit node. In an actual embodiment of a circuit 
containing such antifuses, the plurality of antifuses 

30 10, 12, 14, 16, 18, 20, 22. and 24 are used to 
selectively connect a plurality of conductors 26, 28, 
30, 32, 34, 36, 38, and 40 to conductor 42. The 
environment of such a structure may be either 
general interconnect or may be employed, for ex- 

35 ample, to tie off unused circuit nodes to a voltage 
potential imposed on conductor 42. 

From FIG. 1, it may be seen that use of con- 
ventional programming techniques may present dif- 
ficulties if a large number of antifuses are to be 

40 programmed to make connections to conductor 42. 
For example, if antifuses 10, 12, 14, 16, and 18 are 
to be programmed, a programming voltage vpp 
may be placed on conductor 42 and conductors 
26, 28, 30, 32, and 34 may be placed at ground 

45 potential. The other conductors 36, 38, and 40 are 
placed at an intermediate potential, typical vpp/2 in 
order to prevent stressing the antifuses 20, 22, and 
24 which are to remain unprogrammed. As each 
antifuse programs, current is drawn from the vpp 

50 power supply to ground through an increasing 
number of parallel paths. If the number of antifuses 
to be programmed is sufficiently large too much of 
a load may be placed on the vpp supply, thus 
lowering its output voltage to a value below the 

55 value necessary to reliably program the antifuses 
or requiring a programming current to large that it 
may destroy circuitry inside at the chip containing 
the antifuses. 
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The programming method of the present inven- 
tion avoids this problem and allows an arbitrarily 
large number of antifuses to be programmed by 
rupturing them during a single rupture cycle. The 
antifuses may then be soaked individually, thus 
resulting in a significant reduction in overall pro- 
gramming time. The programming method of the 
present invention will be illustrated with reference 
to FIG. 2-5. 

Referring now to FIG. 2, the circuit of FIG. 1 is 
redrawn to include switches 44, 46, 48, 50, 52, 54, 
56, 58, and 60, used to connect conductors 26, 28, 
30, 32, 34, 36, 38, 40, and 42 to various program- 
ming potentials delivered from programming cir- 
cuitry depicted as blocks 62 and 64. Those of 
ordinary skill in the art will recognize that switches 
44, 46, 48, 50, 52, 54, 56, 58, and 60 represent 
devices such as transistors typically disposed in 
the integrated circuit containing the circuitry of FIG. 
1. Such programming circuitry may include charge 
pumps, steering circuitry from off chip program- 
ming voltage sources and the like. The architecture 
of such circuitry is well known to those of ordinary 
skill in the art and the details of particular program- 
ming circuitry is design dependent. The details of 
such circuitry forms no part of the invention and is 
omitted to avoid overcomplicating the disclosure. In 
the following discussion, it is assumed that it is 
desired to program antifuses 14, 16, 18, 20, and 22 
and that antifuses 10, 13, and 24 are to remain 
unprog rammed. 

First as shown in FIG. 2, atl conductors 26, 28, 
30, 32, 34, 36, 38, 40, and 42 have been dynam- 
ically charged to Vpp/2. This is accomplished by 
causing programming circuitry 62 and 64 to gen- 
erate the voltage potential Vpp/2 and by closing 
switches 44, 46, 48, 50, 52, 54, 56, 58, and 60 for a 
period of time long enough to charge the inherent 
capacitances associated with conductors 26, 28, 
30, 32, 34, 36, 38, 40, and 42 to that voltage value. 
Switches 44, 46, 48, 50, 52, 54, 56, 58, and 60 are 
then reopened and, as shown in FIG 2, all of the 
conductors 26, 28, 30, 32, 34, 36, 38, 40, and 42 
have been charged to the potential Vpp/2. Those of 
ordinary skill in the art will recognize that the 
phrase dynamically precharged" mens charging 
the conductor to the stated voltage and then re- 
moving the charging source to let the conductor 
"float" at the charged voltage. 

Referring now to FIG. 3, programming circuitry 
62 is caused to generate 0 volts and switches 48, 
50, 52, 54, and 56 are closed long enough to 
charge the capacitances associated with conduc- 
tors 30, 32, 34, 36, and 38 to 0 volts. Switches 48, 
50, 52, 54, and 56 are then reopened and, as 
shown in FIG. 3 all of the conductors 30, 32, 34, 
36, and 38 have been charged to 0 volts. 



The conditions for the rupture cycle for an- 
tifuses 14, 16, 18, 20, and 22 is shown in FIG 4. 
Programming circuitry 64 generates the potential 
Vpp and switch 60 is closed. Because conductors 

5 30, 32, 34, 36, and 38 are charged to 0 volts, 
antifuses 14, 16, 18, 20, and 22 will be stressed 
and will program. Those of ordinary skill in the art 
will note that since conductors 30, 32, 34, 36, and 
38 are isolated from one another, the programming 

10 of one of antifuses 14, 16, 18, 20, and 22 will not 
affect the potentials placed on the conductors as- 
sociated with the other ones of the antifuses. 

As each of antifuses 14, 16, 18, 20, and 22 
programs, only enough current will be drawn from 

75 the Vpp supply in programming circuitry 64 to 
charge the one of the vertical conductors 30, 32, 
34, 36, and 38 associated with the antifuse to the 
Vpp potential. No additional current will be drawn 
and thus, as each successive antifuse programs, 

20 the current drain on the Vpp supply will not be 
incrementally increased by creation of a new 
ground path. 

Because conductors 26, 28, and 40 are 
charged to the potential Vpp/2, antifuses 10, 12, 

25 and 24 are not significantly stressed and will not 
program. Thus the rupture cycle for antifuses 14, 
16, 18, 20, 22, and 24 may be a single rupture 
cycle and the unselected antifuses will not be pro- 
grammed. 

30 After the antifuses have been stressed as 

shown in FIG. 4 for a predetermined amount of 
time calculated to be sufficient to program an- 
tifuses of the type employed, programming cir- 
cuitry 64 lowers the voltage to Vpp/2 and switches 

35 48, 50, 52, 54, and 56 are individually closed one 
at a time. The current drawn from the Vpp supply 
is measured as shown symbolically in FIG. 4 by 
ammeter 68 and compared with a value character- 
istic of a programmed antifuse. If the measured 

40 current for any of conductors 30, 32, 34, 36, or 38 
indicates that the antifuse has not been pro- 
grammed, the rupture cycle is repeated. The rup- 
ture cycle may be repeated a predetermined num- 
ber of times before the unprogrammed antifuse is 

45 indicated as defective. 

After successfully performing the rupture cycle 
as disclosed herein, other rupture cycles for an- 
tifuses connected to other common conductors 
may be performed. In typical FPGA architectures, 

so hundreds of such cycles may be necessary to fully 
program the device as intended. 

After ail antifuses have been programmed, they 
are individually soaked as in the prior art program- 
ming process. This portion of the programming 

55 cycle is illustrated in FIG. 5 using antifuse 14 as an 
example. FIG. 5 illustrates a portion of the circuitry 
of FIGS. 1-4 showing conductors 30 and 42, an- 
tifuse 14, and programming circuitry 62 and 64. 
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Programming circuitry 62 and 64 generate the 
soaking potential and switches 48 and 60 are 
closed. The soaking current may be applied as a 
DC current as disclosed in United States Patent 
No. 5,008,855, or may be applied as an AC current 
as disclosed in United States Patent No. 5,126,282. 
The magnitude of the soaking current will depend 
on the nature and compositor of the antifuse and 
may be easily selected by persons of ordinary skill 
in the art. 

Referring now to FIG. 6, a flow diagram of the 
method of the present invention is shown. First, at 
step 70, the common conductor (reference numeral 
42 in FIGS 1-4) and all conductors which intersect 
it (reference numerals 26, 28, 30, 32, 34, 36, 38, 
and 40 in FIGS 1-4) are dynamically precharged to 
Vpp/2. Next, at step 72, all intersecting conductors 
connected to antifuses to be programmed are dy- 
namically precharged to 0 volts. At step 74, Vpp is 
placed on the common conductor for a selected 
time. The time selected is a time sufficient to 
program a functioning antifuse of the type em- 
ployed in the circuit. 

Next at step 76. after the selected amount of 
time has passed,, the voltage on the common con- 
ductor is lowered to Vpp/2 in preparation for a 
verification procedure to determine if all antifuses 
have been programmed as intended. The verifica- 
tion procedure is performed at step 78, where an 
attempt is made to pass current through individual 
antifuses to see if they were programmed. Those 
of ordinary skill in the art will recognize that this 
step could be combined with the soak cycles for 
the antifuses, since the soaking cycles comprises 
passing soaking current through the individual an- 
tifuses to lower their final resistance. 

Next at step 80, it is determined if all currents 
passed through the individual antifuses were large 
enough to indicate that the antifuses had been 
programmed. If not, the procedure returns to step 
70. If so, the procedure advances to step 82. In 
step 82, the next group of antifuses is selected and 
programmed using steps 70-80 or, if no further 
groups of antifuses exist, the already ruptured in- 
dividual antifuses are soaked to lower their final 
resistance. 

There are several advantages to use of the 
present programming method. First, because the 
programming devices (represented by the switches 
44, 46, 48, 50, 52, 54, 56, 58, and 60) are turned 
off during the rupture cycle, the maximum dis- 
charge capacitance is limited to a safe value. 

In addition, a significant time savings may be 
achieved using the present invention. For example, 
if it is desired to connect a horizontal conductor to 
1000 vertical conductors according to the present 
invention. All of the vertical conductors are dis- 
charged to zero volts, ail of the other conductors 
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are precharged to Vpp/2, and Vpp is applied to the 
horizontal conductors. As each cross antifuse rup- 
tures, its vertical conductors will be pulled up to 
Vpp. The horizontal conductor will be held at Vpp 

5 since there is not any DC current to cause a 
voltage drop across the pull up device which typi- 
cally supplies Vpp. Using the method of the 
present invention, it is possible to rupture many 
antifuses during a single programming cycle. In the 

10 present example, the time needed to rupture 1,000 
antifuses has been compressed to the time needed 
to rupture 1 antifuse (a 1,000 to 1 reduction in 
rupture time). 

In addition, since the programming device (i.e., 

15 switch) is off, then it cannot enter VB„ and be 
destroyed during the rupture cycle. Therefore, turn- 
ing off the programming devices during the rupture 
cycle also prevents them from being destroyed. 
The programming method of the present inven- 

20 tion removes VBii from list of variables that must 
be controlled when designing the segmentation de- 
vices in a typical antifuse-based interconnection 
array. This additional degree of freedom allows the 
device designer to improve the gain of the pro- 

25 gramming device, thus allowing improvements 
and/or simplifications in other areas of the inte- 
grated circuits containing the antifuses. 

While embodiments and applications of this 
invention have been shown and described, it would 

30 be apparent to those skilled in the art that many 
more modifications than mentioned above are pos- 
sible without departing from the inventive concepts 
herein. The invention, therefore, is not to be re- 
stricted except in the spirit of the appended claims. 

35 

Claims 

1. A method for programming a plurality of an- 
tifuses disposed at intersections between a 

40 common conductor and a plurality of individual 

crossing conductors, including the steps of: 

dynamically precharging each one of the 
individual crossing conductors associated with 
antifuses not to be programmed to a voltage 

45 level equal to approximately half of a program- 

ming potential difference; 

dynamically precharging each one of the 
individual crossing conductors associated with 
antifuses to be programmed to one potential of 

so said programming potential difference; and 

placing a second potential of said pro- 
gramming potential difference to said common 
conductor for a time selected to be sufficient 
to program properly functioning antifuses. 

55 

2. The method of claim 1, further including the 
steps of: 

reducing said second potential to a value 

5 
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selected to avoid stressing unprogrammed 
ones of said antifuses after said time has 
elapsed; 

comparing the current passing through 
each antifuse to be programmed with mag- 
nitude of a current exhibited by a programmed 
antifuse; and 

repeating the steps of claim 1 only if the 
current passing through any one of said an- 
tifuses to be programmed is less than said 
magnitude of a current exhibited by a pro- 
grammed antifuse. 

3. The method of claim 1, further including the 
step of passing a soaking current through each 
one of said antifuses which has been pro- 
grammed. 

4. A method for programming a plurality of an- 
tifuses configured to program at a program- 
ming voltage potential, said antifuses disposed 
at intersections between a common conductor 
and a plurality of individual crossing conduc- 
tors, including the steps of: 

dynamically precharging each one of the 
individual crossing conductors associated with 
antifuses not to be programmed to a selected 
voltage level halfway between a first voltage 
potential and a second voltage potential, the 
difference between said first and second volt- 
age potentials comprising said programming 
voltage potential; 

dynamically precharging each one of the 
individual crossing conductors associated with 
antifuses to be programmed to said first volt- 
age potential; and 

placing said second voltage potential on 
said common conductor for a time selected to 
be sufficient to program properly functioning 
antifuses. 

5. The method of claim 4, further including the 
steps of; 

reducing the voltage on said common con- 
ductor to said selected voltage potential after 
said time has elapsed; 

comparing the current passing through 
each antifuse to be programmed with the mag- 
nitude of a current exhibited by a programmed 
antifuse; and 

repeating the steps of claim 1 only if the 
current passing through any one of said an- 
tifuses to be programmed is less than said 
magnitude of a current exhibited by a pro- 
grammed antifuse. 

6. The method of claim 4, further including the 
step of passing a soaking current through each 



one of said antifuses which has been pro* 
grammed. 

7. A method for programming a plurality of an- 
s tifuses associated with a plurality of common 

conductors, individual ones of said disposed at 
intersections between one of said common 
conductors and a plurality of individual cross- 
ing conductors intersecting said one of said 
io common conductors, including the steps of: 

(1) selecting one of said common conduc- 
tors; 

(2) dynamically precharging each one of the 
individual crossing conductors associated 

15 with antifuses not to be programmed to 

connect said individual crossing conductors 
to said selected common conductor to a 
voltage level halfway between a first voltage 
potential and a second voltage potential, the 

20 difference between said first and second 

voltage potentials comprising said program- 
ming voltage potential; 

(3) dynamically precharging each one of the 
individual crossing conductors associated 

25 with antifuses to be programmed to said 

first voltage potential; 

(4) placing said second voltage potential to 
said common conductor for a time selected 
to be sufficient to program property func- 

30 tioning antifuses; and 

(5) repeating steps (1)-<4) for each one of 
said common conductors. 

a The method of claim 7, further including for 
35 each performance of steps (1)-(4) therein per- 

formance of the further steps of: 

reducing said second voltage potential to a 
value selected to avoid stressing unprogram- 
med ones of said antifuses after said time has 
40 elapsed; 

comparing the current passing through 
each antifuse to be programmed with the mag- 
nitude of a current exhibited by a programmed 
antifuse; and 

45 repeating the steps of claim 1 only if the 

current passing through any one of said an- 
tifuses to be programmed is less than said 
magnitude of a current exhibited by a pro- 
grammed antifuse. 

50 

9. The method of claim 7, further including the 
step of passing a soaking current through each 
one of said antifuses which has been pro- 
grammed. 

55 

10. A method for programming a plurality of an- 
tifuses associated with a plurality of common 
conductors, said antifuses configured to pro- 
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gram at a programming voltage potential .in- 
dividual ones of said antifuses disposed at 
intersections between one of said common 
conductors and a plurality of individual cross- 
ing conductors intersecting said one of said 5 
common conductors, including the steps of: 

(1) selecting one said common conductors; 

(2) dynamically precharging each one of the 
individual crossing conductors associated 

with antifuses not to be programmed to 10 
connect said individual crossing conductors 
to said selected common conductor to a 
selected voltage level halfway between a 
first voltage potential and a second voltage 
potential, the difference between said first 75 
and second voltage potentials comprising 
said programming voltage potential; 

(3) dynamically precharging each one of the 
individual crossing conductors associated 

with antifuses to be programmed to said 20 
first voltage potential; 

(4) placing said second voltage potential on 
said common conductor for a time selected 
to be sufficient to program properly func- 
tioning antifuses; and 25 

(5) repeating steps (1)-(4) for each one of 
said common conductors. 

11. The method of claim 10, further including for 
each performance of steps (1)-(4) therein per- 30 
formance of the further steps of; 

reducing said second potential to approxi- 
mately said selected voltage potential after 
said time has elapsed; 

comparing the current passing through 35 
each antifuse to be programmed with the mag- 
nitude of a current exhibited by a programmed 
antifuse; and 

repeating the steps of claim 1 only if the 
current passing through any one of said an- 40 
tifuses to be programmed is less than said 
magnitude of a current exhibited by a pro- 
grammed antifuse. 

12. The method of claim 10, further including the 45 
step of passing a soaking current through each 

one of said antifuses which has been pro- 
grammed. 



55 



7 



OCID: <E P__0626726A2_I_> 



EP 0 626 726 A2 



26- 



28- 



30- 



32- 



34- 



36- 



38- 



40- 



42 



10 



71 



12 



14-^ 16- 7 18^ 20-^ " 22- / 24^ 



FIG. 1 



T 
64 



44- 



26- 
60 

10 



^46^48^50^52^54^56^58^ 



62 



7 



Vpp/2 
28 



12- 



Vpp/2 
30 



V 14- 7 



V PP/2 
32 



16- 



Vpp/2 
34 -^ 



Vpp/2 
36 -v. 



20- 



Vpp/2 
38 



Vpp/2 
40 -s. 



24 



Vpp/2 



42 

-fr^ vpp/2 



F/G. 2 



62 



44-^46-^46-^50^52-^54-^56-^58-^ 



IF" 



26- 
60 



28- 



30- 



32- 



34- 



36- 



38- 



40- 



64 



42 



12 



71 



14 



71 



16 



71 



18 



7^ 



20 



71 



22 



7t 



24^ 



F/G. 3 



EP 0 626 726 A2 



44 . 



^46-^48^50^52-^54-^56-^58^ 



62 



26- 
60 



Vpp/2 
28 -v. 



Vpp/2 
30 -v. 



10^1 12^ 



14 



31 



ov 

32- 
16 



OV 
34- 



OV 

36- 

20 



7\ 



OV 
38- 

22 



OV 
40- 

24 



Vpp/2 



37 



42 

u 



Vpp/2 



64 66 



FIG. 4 



48- 



7 



IK" 



62 



30- 



60 

64 



TT 7 



42 

1 



FIG. 5 



XDC1D: <EP 0e26726A2_l_> 



9 



EP 0 626 726 A2 



( START J 

-ZI— 

PRECHARGE 
ALL CONDUCTORS 
TO Vpp/2 



•70 



PRECHARGE 
SELECTED INTERSECTING 
CONDUCTORS TO 0 VOLTS 



•72 



PLACE Vp P ON 
COMMON CONDUCTOR 
FOR SELECTED TIME 



-74 



LOWER VOLTAGE ON 
COMMON CONDUCTOR 
TO Vpp/2 



•76 



ATTEMPT TO PASS 
CURRENT THROUGH 
INDIVIDUAL ANTIFUSES 



GO TO NEXT GROUP 
OR GO TO SOAK CYCLE 



-78 




FIG. 6 



SDOCID: <EP_0626726A2J_> 



10 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(£) Publication number: 



0 626 726 A3 



EUROPEAN PATENT APPLICATION 



(2) Application number: 94301707.9 
(§) Date of filing: 10.03.94 



© int. ci ° : H01L 23/525 



€> 


Priority: 26.05.93 US 67381 




Sunnyvale 


© 






California 94086 (US) 


Date of publication of application: 






30.11.94 Bulletin 94/48 


© 


Inventor: Galbraith, Douglas C. 








405 Rancho Arroyo Parkway 261 




Designated Contracting States: 




Fremont, 




DE FR GB IT 




California 94536 (US) 


® 


Date of deferred publication of the search report: 








20.09.95 Bulletin 95/38 


0 


Representative: Barlow, Roy James 








J.A. KEMP & CO. 








14, South Square 


Applicant: ACTEL CORPORATION 




Gray's Inn 




955 East Arques Avenue 




London WC1R 5LX (GB) 



© Simultaneous multiple antifuse programming method. 
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© A method for simultaneously programming a plu- 
rality of antifuses each having a first electrode con- 
nected to a common node and each having a sec- 
ond electrode connected to an isolated node elec- 
trically isolated from the nodes of each of the other 
antifuses includes the steps of precharging the com- 
mon node and the isolated nodes to an intermediate 
voltage potential selected to minimize the stress on 
all antifuses; precharging the isolated nodes of se- 
lected ones of the antifuses to a first programming 
voltage potential placing a second programming volt- 
age potential on said common node, the first and 
second programming voltage potentials selected 
such that the difference between them is sufficient to 
cause programming of said antifuses and such that 
said intermediate potential is substantially centered 
between them, waiting a predetermined amount of 
time; and measuring the current flowing between the 
common node isolated nodes. If the measured cur- 
rent indicates that the desired antifuse has not been 
programmed the programming process may be at- 
tempted a preselected number of times. After the 
selected antifuses have been programmed, they are 
individually soaked by passing a soaking current 
through them. 
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